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CLAIMS: 
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1. A method of producing a first layer electrode membrane compris 

(1) Forming a solution containing Linker Lipid A, the dij^Wuie G f 
mercaptoacetic acid (MAAD) or similar molecule, linker Gra*fllcidin B, 
membrane spanning lipid C (MSL-C) and membrane^pSlining lipid D (MSL- 
D) or other suitable linker molecules and othejjvrtm channel or ionophore 
combinations; 

(2) Contacting an electjode^ containing a clean gold surface with 
the solution, the disulfide oerftaining components in the solution thus 
adsorbing onto the g^l^ surface of the electrode; 

he electTude with a Hix^^^BJOj^^^s^LBS^^nd 
(4) ^x^smov ing - t - h ^ used f onifismg. 

icr nrding t o claim 1, w here in th e-srriTrtimrcontai-ns-^ 
'disulfide of mercaptoacetic acid (MAAD)or 2-mercaptoethanol (I 
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3. 



A method according to clainr2, wherein the-^auo of Linker Lipid A 



to the disulfide of mercaptoaceti 
is 2:1. 



,acid/(I 



or 2-mercaptoethanol (EDS) 



4. A method accordipg^oWaim 2 - 01/3 - , wherein the ratio of (Linker 
Lipid A + MAAD orJBDS) to MSE^B-rs-m the range of 10 :i to 100:1. 

5. A^nethod according to any one of claims^ te-4, wherein the ratio of 
fT.inkffrT.ipiH A j^JU AA^roTEDS) to MSL-( : is hRfwRRrr7 . nDQQ^ l ^ m l mnrf!" 



6. A method according 
(Linker Lipid A + MAAD 




e of claim^*2 te-5? wherein the ratio of 
MSL-C is 20,000:1. 



1/ 



7. A method acco^dirll&to/any_OJle_JILc^ aim) j< , 2 -* te =6rwherein the solution 
contains linker Grann^cimirffirauier than another suitable linker 
molfijc+ri-efllTimchannel or otrreTcombination. 

/ 

£f. A method according to claim ^~ wherein the ratio of (Linker Lipid A 
+ MAAD or EDS) to linker Gramicidin B is 10,000:1. 
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A method according to claim-?- ef-87-wherein the ratio of (Linker 
Lipid A + MAAD or EDS) to linker Gramicidin B is between 20,000:1 and 
100,000:1. 



A method according to any ono of the prece ding- claim^wherein the 



gold electrode consists of a freshly evaporated or sputtered gold electrode. 

JH. A method according to claim 10, wherein the gold electrode surface 
10 is freshly cleaned using a plasma etching process or an ion beam milling 
process. 

c. * 

A method according to a**y- une uf Hie piece dmg claim/ wherein the 

solvent for the adsorbing solution (step (1)) and for the rinsing step (4) is 
15 ethanol. 
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13. A method of producing a monolayer electrode membrane 
comprising:- 

(1) Forming a solution containing the disulfide of mefcaptoacetic 
id (MAAD) or similar molecule, membrane spanning^5id C (MSL-C) 

aAd/or membrane spanning lipid D (MSL-D) and, optionally, Linker Lipid A, 
inker Gramicidin B or other suitable linker mplecules and other ion channel 
combinations; 

(2) Contacting an electrode cafitaining a clean gold surface with 
the solution, the disulfide contaimilg components in the solution thus 
adsorbing onto the gold surfac^of the electrode; 

(3) Rinsing the el^<5trode with a suitable organic solvent; and 

(4) Removing^fene excess organic solvent used for rinsing, 
wherein the solutiojann step (1) contains more than a molar % of 50% of a 
membrane sparyrfng lipid. 
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14. A/fnethod according to claim 13, wherein the solution in step (1) 
contains more than a molar % of 70% of a membrane spanning lipid, 29% 

or 2-mercaptoethanol (EDS) and 1% other membrane spanning lipids. 
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if)". A method according to claim ^U^ o r 14 r where in the gold electrode 
consists of a freshly evaporated or sputtered gold electrode. 

JrCT. A method according to claim ^ wherein the gold electrode surface is 
freshly cleaned using a plasma etching process or an ion beam milling 
process. 

n 7 
Vf, A method according to any one of claim^ y& te-^16? wherein the 

solvent for the adsorbing solution (step (1)) and for the rinsing step (4) is 

ethanol. 

18. A method according tojmyjme-of H g laiiiy^^ MAAD, 
or simiJjLrjy^c^drn^ as EDS is covalently linked to the 

Tnembrane spanning lipids C or D, 
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19. A method according to any one_oLclaims£-13 *u ,, T87 x wnefein MSL-C or 
D is covalently linkedJP-BPEPCTGDPE, triphytanyl or similar molecule. 

7 

A method according to any one of claiiii3 / 5-3 < te-19r wherein the 
} ^solution contains the disulfide of mercaptoacetic acid (MAAD) or 2- 
mercaptoethanol (EDS). 

<J~o 

21. ^yVjiietfiod^^ 

linked to MAAD or EDS and DPEPC, GDPE, triphytanyl or similar molecule; 

22. A method of producing a second layer electrode membrane 
combination comprising:- 

(1) Adding a solution of lipid and biotinylated grapikrfdin E 
dispersed in a suitable solvent onto the electrode svyiatfecontaining a first 
layer produced by a method-according to any^crtie of claims 1 to 12; 

(2) Rinsing the e|fectrode sipfece with an aqueous solution; 

(3) Adding a spli^Jq^^^F^treptavidin, avidin, neutravidin, avidin or 
streptavidin derivative^ 

(4) Rinjklg the elfretcod^with an aqueous solution in order to 
remove epe&ss streptavidin, avidin, neutravidin, or other avidin or 
sti^pfavidin derivative; 
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and 



(5) Adding a solution of a biotinylated binding partner molecul 



(6) Rinsing the coated electrode with an aqueous solution 
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23. A method according to claim 22, wherein the lipid usgu in step (1) is 
a mixture of diphytanyl phospatidyl choline (DPEPC) and ^glyceryl 
diphytanyl ether (GDPE). 

24. A method according to claim 22 ef-2*Twh^ein the DPEPC and GDPE 
is in a 7:3 ratio. 



25. A method according to claim 22, wherein the lipid used in step (1) is 
a triphytanyl phosphoryl choline as shown in Figure (6). 
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26. A method according tq claiW22, wherein 0-50% cholesterol is 
incorporated into the lipid; u^^^ste^(l). 

27. A method according WcmiinM/ wherein 0-20% cholesterol is 
incorporated into the lipidsoised in step (1) 

28. A method acceding to any one of clain>g^22 - to - 27; »wherein the ratio 
of lipid to biotinylatefl gramicidin E is between 10,000:1 and l,000,000:i. 
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29. A methoja according to claim 28, wherein the ratio of lipid to 
biotinylated gr/micidin E is 100,000:1. 

30. A method according to any one of claim^2 to 29 , wherein the biotiri 
is attach^a to the gramicidin via the ethanolamine end using a linker arm 
that is inade up of between 1-8 aminocaproyl groups. 

31. / A method according to any one of claim^22 -te-307 wherein two 
biotins are attached to the gramicidin at the ethanolamine end such that the 

/iotins are able to bind simultaneously into the adjacent binding sites of a 
^streptavidin, avidin or a similar biotin-binding protein. 
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32. A method according to any one of claim^*22 te-Sfr, wherein twc 
biotins are attached to the gramicidin at the ethanolamine end such/fnat the 
biotins are able to bind simultaneously into two separate streptayfain, avidih 
or a similar biotin-binding protein molecules. 
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33. A method according to claim 31, wherein the twjsr biotins are 
attached to the gramicidin via the ethanolamine end s,uch that each biotin is 
attached to 2 to 4 linearly joined aminocaproyl groups that are attached to a 
lysine groups as shown in Figure (5). 

34. A method according to claim 31, wherein the biotins are attached to 
the gramicidin via the ethanolamine end such that each biotin is attached to 
2 to 20 linearly joined aminocaproyl grc^ups that are attached to a lysine 
groups. 

35. A method B^ccoxdii^^o^^ivfsr<iO, wherein the biotins are attached to 
the gramicidin via the emarasmmine eim such that each biotin is attached to 
2 to 20 aminocaproyl groupsjarranged/as a branched structure. 

36. A method accordvng to any one of claims / 22 te-33T wherein the 
amount of streptavidinVavidin or other similar biotin-binding protein that is 
added in step (3) is sufficient to cause a prozone effect, allowing most of the 
available biotinylatefcl species in the membrane to have one streptavidin or 
related molecule bound to prevent cross-linking between gramicidin 
channels and MSL until a sample containing analyte is added to the sensor. 

37. A method according to any one of clain^s // 22 te-367*wherein prior to 
the addition of streptavidin, avidin or similar biotin-binding protein, the 
lipid membrane electrode assembly is cooled. 

38. /A method according to claim 37, wherein the lipid membrane 
electrode assembly is cooled to between 0° and 50°C. 



35 



3$. A method according to claim 38, wherein the lipid membrane 
/electrode assembly is cooled to between 0° and 5°C. 
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40, A method according to any one of claim/ 37 io - 3 9» , wherein 
subsequent rinsing and addition of the biotinylated binding parti 
molecule is carried out at 0° to 50°C. 




41. A method according to claim 40, wherein the subsequent rinsing and 
addition of the biotinylated binding partner molecule is qarried out at 0° to 
5°C. 

42. A method according to clain)^40 o r 41 7 wherein the binding partner 
molecule is a biotinylated antibody or biotinylated antibody fragment. 

43. A method according to any one of clalni^37 -te-397 wherein the 
binding partner molecule is a Fab' fragmei}* that is biotinylated via the free 
Fab' thiol group. 

44. A method according to~cl^im/40, wherein the linker between the Fab' 
and biotins is between 10-80 rangst^pms in length. 

45. A method according tot^Iaim 42^^-4*, wherein the linker between 
the Fab' and biotins consistsjA 1-8 aminocaproyl groups, 

46. A method according to claim any one of claim^ 42 te-45-; wherein the 
group containing two biotins is attached to the antibody or antibody 
fragment such that the two biotins are able to simultaneously complex one 
streptavidin, avidin px other similar biotin-binding proteins. 

47. A method' according to claim any one of claim« / 42 to 45, wherein the 
group containing two biotins is attached to the antibody or antibody 
fragment such/that the two biotins are able to complex simultaneously two 
streptavidin/avidin or other similar biotin-binding proteins. 



48. Ayfnethod according to any one of claim/22 4enttrwherein steps (3) 
to (5) arer substituted with: 

'(3) Adding a solution containing a conjugate between streptavidin, 
avidicf, neutravidin or other avidin or streptavidin derivative and a molecule 
whi/h is a member of a binding pair. 
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49. A method according to claim 48 wherein the binding partner 
molecule is an antibody or an antibody fragment such as a Fab, Fab' or 
fragment. 



Fab* 



50. A method according to claim 48 wherein the bindingypairs are 

selected from: naturally occurring binding proteins and cellular 
receptors/analytes, enzymes or enzyme analogues/substrates, 
lectins/carbohydrates, complementary nucleic acid sequences, Anti-FC, 
Protein A or Protein G/antibody. 
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51. A method of producing a second layer elec tittle membrane 
combination comprising:- 

(1) Adding a solution of lipid dispersed in a suitable solvent onto 
the electrode surface containing a first layer jzfroduced according to any one 
of claims 1 to 12; 



(2) Rinsing the electrodl 

(3) adding an aqueous s 
with detergent or solubilised b 

(4) Rinsing the electro 

3 ptc 



e with an aqueous solution; 

taining ionophore co-dispersed 
c<3p£ling to k high molecular weight species; 
ith an^aqueous solution; and 
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(5) Adding the receptee using either streptavidin, avidin or other 
similar biotin-binding proteiivTollowed by addition of a biotinylated 
antibody or antibody fragment or adding a streptavidin, avidin or other 
similar biotin-binding protein conjugated to an antibody or antibody 
fragment. 
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52. A method according to claim 51, wherein the lipid used in step (1) is 
a mixture of diphytanyl phosphatidyl choline (DPEPC) and glyceryl 
diphytanyl ethei^GDPE). 

53. A method according to claim 52, wherein the DPEPC and GDPE is in 
a 7:3 ratio., 
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54. /A method according to claim 51, wherein the lipid used in step (1) is 
a trinnytanyl phosphoryl choline as shown in Figure (6). 



* 
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55. A method according to any one of claims 51 Lu 5 4r wherein the 
membrane produced also contains 0-50% cholesterol. 

56. A method according to any one of claim^ 51 whereija the 
membrane produced also contains 0-20% cholesterol. 

57. A method according to any one of claimj^Sl to 30 , vifherein the 
aqueous solution used in step (3) contains gramicidin or^a gramicidin 
derivative that is added to an aqueous solution of a detergent such that the 
detergent is present in excess relative to the gramicidin but wherein the total 
concentration of the detergent is below the criticaj/rnicelle concentration 
(CMC). 
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58. A method according to claim 57, wherein the gramicidin/detergent 
solution is sonicated using an ultrasonic bath or horn for 5-20 minutes. 



59. A method according tojclain 
selected from sodium dod^cylsj 
or non-ionic detergents. 



fa w5*; wherein the detergent is 
^tylglucoside, tween, and other ionic 



60. A method according t^cta£nr15lf, wherein the detergent is sodium 
dodecylsulfate. 

61. A method according to claim 60, wherein the concentration of the 
25 sodium dodecylsulfate/is less than 0.00001M and the concentration of 

gramicidin is 10 times less than the sodium dodecylsulfate concentration. 

62. A first layer membrane electrode combination comprising an 
electrode and a/first layer membrane comprising a closely packed array of 

30 amphiphilic molecules and a plurality of ionophores, the first layer 

membrane being connected to the electrode by means of a linker group, said 
first layer ^piembrane being stored in the presence of a solvent. 



63. /An electrode combination according to claim 62, wherein the solvent 
35 in which the electrodes are stored is an organic solvent or an aqueous 
solvent. 
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64. An electrode combination according to claim 63, wherein the solvent/ 
in which the electrodes are stored is selected from ethanol, glycerol, 
ethylene glycol and alcohols or diols containing between 3 to 12 carbon/ 
atoms. 
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65. An electrode combination according to claim 63, wherein: the solvent 
in which the electrodes are stored is a hydrocarbon with between 8 to 20 
carbon atoms. 



66. An electrode combination according to claim 
is an aqueous solution containing a detergent. 



f, wherein the solvent 



67. An electrode combination according toxflaim 62 or 63 -; wherein the 
15 solvent in which the electrodes are stored is /compound that is able to coat 
the electrodes such that oxidation o£-the electrode surface is minimised. 



20 



25 



68. An electrode combine 
can be applied as a thin film. 



iioni 



rdinkto claim 67, wherein the solvent 



69. A lipid membrane based biosensor comprising a lipid membrane 
incorporating ionophores, \hd conductivity of the membrane being 
dependent on the presence/or absence of an analyte, wherein the aqueous 
bathing solution in whicll the biosensor normally resides, is removed in a 
manner such that on drying of said lipid membrane biosensor, the lipid 
membrane and the receptor molecules retain their function, structure and 
activity, when rehyarated. 



70. A biosensor according to claim 69, such that during the drying 
30 process the biosensor membrane does not have contact with the air-water 
interface. 
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71. A biosensor according to claim 69, such that during the rehydration 
process the biosensor membrane does not have contact with the air-water 
inte/face. 
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72. A biosensor according to any one of claim^ 69 te-?^ wherein the 
aqueous bathing solution is removed by a method of drying selected from 
lyophilysation, evaporation, and evaporation over controlled humi(Jixy. 

73. A biosensor according to any one of claim^69 wherein the 
aqueous bathing solution is replaced with a water replacing substance 
selected from protein, low molecular weight diols or triolsypolyethylene 
glycol, low molecular weight sugars, polymeric peptidesypolyelectrolyte and 
combinations thereof. 

74. A biosensor according to claim 73, wherehl the water replacing 
substance is selected from bovine serum albumin, serum, fish gelatin, non- 
fat dry milk powder, casein, glycerol, ethyleno^glycol, diethylene glycol, 
polyethylene glycol, trehalose, xylose, glucose, sucrose, dextrose, dextran or 
ficoll. 



75 . A biosensor according 
substance is selected from gh 



to 



cere 



^wherein the water replacing 
, dextran or trehalose. 



20 76. A biosensor according tef cleKrrT7^, wherein the class of molecules 
are chosen such that they have the additional advantage of providing a 
spreading layer for the sample. 

77. A biosensor according to claim 73, wherein the class of molecules 
25 are chosen such that Uiey have the additional advantage of providing filter 

against specific cellar bacteria, viruses and classes of molecules, such as 
large moleculer wjsight proteins. 

78. A biosensor according to claim 73, wherein the class of molecules 
30 are chosen svich that they have the additional advantage of providing a 

reservoir for specific displacement reagents, which are required to compete 
off smalLanalytes bound to proteins in serum or blood. 
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79. / A biosensor according to claim 73, where any of water replacing 
agerits may be bound covalently to specific membrane components. 
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80. A biosensor according to claim 73, where any of water replaci 
agents may be bound covalently to membrane spanning lipids. 



81. A method according to 
valinomycin is covalently lilted t^p the 
appropriate length to permit 
membrane to another. 



any one of claim^l3 t o -21; wherein 

C or MSL-D via a linker of 
tomycin to diffuse from one side of the 
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82. A method^affcording to claim 1 w-27 wherein the ratio of Lipid Linker 
A to the disulfide of mercaptoacetic acid (MAAD) or 2-mercaptoethahol 
(EDS) i^ the range of 5:1 to 1:2. 



